Acute respiratory distress syndrome (ARDS) is a life-threatening disease characterized by pulmonary edema and excessive alveolar inflammation with bilateral pulmonary infiltrates (1) . The cardinal features of ARDS consist of recruitment of inflammatory cells, including neutrophils and macrophages, in addition to epithelial damage and excessive inflammation in the lung (1) . Because no specific therapy is available for ARDS, management consists of treatment of the underlying cause, supportive care, and prevention of hospital-acquired infections (2) . Thus, the identification of novel approaches for treatment of patients suffering from ARDS is needed.
The innate immune response is initiated by signals generated from cytosolic and membrane-bound pattern recognition receptors (PRRs) (3, 4) . Toll-like receptors (TLRs) are germ-line-encoded PRRs that are expressed in both mucosal epithelial cells and myeloid cells. They sense diverse pathogen-associated molecular patterns derived from pathogens, and numerous damage-associated molecular patterns containing molecules released by damaged host cells. Paradoxically, TLR activation is beneficial to the host and can also result in excessive inflammation and severe organ damage (3) . Unlike TLR2 and TLR4, TLR8 is an endosomal PRR that senses single-stranded nucleic acids, such as exogenous viral single-stranded RNA and endogenous RNA (including siRNAs, microRNAs [miRNAs], and their products), to induce proinflammatory responses via activation of the NF-kB signaling cascade (5) .
In eukaryotic cells, post-translational protein modifications, including ubiquitination, are critical mechanisms that broaden protein functions and organize signaling networks. Ubiquitination is an enzymatic action that results in the attachment of a ubiquitin protein to a target protein, resulting in both inactivation of the substrate protein and its identification for rapid degradation by the proteasome (6) . The process of ubiquitination is controlled by three main types of ligases: ubiquitin-activating enzymes (E1), ubiquitinconjugating enzymes (E2), and ubiquitin ligases (E3) (6) . The identification of ligases that govern the stability of TLRs may have clinical implications for pulmonary diseases.
In previous studies, Londino and colleagues and Evankovich and colleagues demonstrated the role of E3 ubiquitin-protein ligases in the stability of two critical mediators of inflammation: IFNGR1 (IFN-g receptor 1) (in human epithelial and monocytic cell lines) (6) and RAGE (receptor for advanced glycation end products) (in a human bronchial epithelial cell line) (7) . In addition, they elucidated the role of the TRIM21 E3 ubiquitinprotein ligase in human lung microvascular endothelial cells and in a mouse model of LPS-induced acute lung injury (8) . In this issue of the Journal, Evankovich and colleagues (pp. 157-167) report the importance of the E3 ubiquitin-protein ligase RNF216 (Ring Finger protein 216, a.k.a. TRIAD3) in TLR8 stability in response to circulating miRNAs as assessed in blood samples from patients with ARDS and the THP-1 (human monocyte) cell line (9) . Whole-blood samples from subjects with ARDS showed a decrease in TLR8, but not TLR2, protein levels compared with those obtained from healthy control subjects. Moreover, the authors confirmed that miRNA mimetics had no effect on TLR8 mRNA expression. In addition, they found that pretreatment with a proteasome inhibitor (MG-132) blocked the decrease in TLR8 protein in cells after stimulation with a TLR8 agonist (R848), which was confirmed in human peripheral blood-derived monocytes. Using cycloheximide, they determined that the half-life of TLR8 protein is 1 hour in cells. Together, these findings suggest that TLR8 is rapidly degraded after stimulation, likely through the proteasome.
Several lines of evidence in the study by Evankovich and colleagues support the idea that TLR8 is ubiquitinated (9) . First, TLR8 accumulates in cells after treatment with an upstream E1-activating enzyme inhibitor (MLN7243). Second, ectopically expressed V5-TLR8 levels in HEK293 cells were reduced after enhanced coexpression of ubiquitin. Finally, a polyubiquitin band was observed in lysates from V5-His-TLR8-transfected cells, and after enrichment for TLR8, a polyubiquitin smear was observed in lysates from MG132-treated cells. Additional experiments using the same TLR8-enriched cellular fractions revealed TLR8-enriched K48 (lys residue) polyubiquitination. It is important to note that the authors found that TLR8 is K48 polyubiquitinated by the E3 ubiquitin-protein ligase RNF216, followed by proteasomal degradation (Figure 1 ). This was shown by silencing RNF216 in cells, which resulted in an increase in TLR8 protein levels. This finding is in line with previous findings that RNF216 is responsible for ubiquitination and degradation of TLR4 and TLR9, but not TLR2, with a concomitant reduction in signaling cascades in HeLa (cervical cancer) cells transfected with human TLR4 and in HEK293 cells transfected with human TLR9 (10) . It is intriguing that in the current investigation (9), whole plasma and RNA obtained from plasma of patients with ARDS were also found to activate TLR8 signaling in vitro. Nevertheless, TLR8 stimulation was not affected by treatment with RNase, suggesting that the RNAs present in the plasma are miRNAs and not free, uncomplexed RNA. Moreover, the gene expression profiles obtained in critically ill patients or patients with ARDS revealed reduced RNF216. This suggests that reduced RNF216 abundance may lead to enhanced stability of TLR8, which may ultimately orchestrate the hyperinflammatory response observed in patients with ARDS. A key limitation of this study is its heavy reliance on human (THP-1) and macrophage cell lines. Therefore, the data need to be validated in human primary cells. Nonetheless, RNF216 has been shown to regulate the stability of other TLRs, and it is possible that pharmacological inhibition of this protease could ameliorate TLR-mediated inflammatory signals. Because excessive inflammation is a feature of ARDS, such an intervention may be highly relevant from a public health point of view. However, blocking RNF216 could have off-target effects, as it has been reported to regulate RIG-like receptor signaling via degradation of the TNF receptor-associated factor 3 adapter molecule and to inhibit autophagy by beclin1 ubiquitination (11) . In addition, RNF216 has been linked to Gordon Holmes syndrome, in which disordered ubiquitination leads to ataxia, dementia, and hypogonadotropism (12) . Recently, Husain and colleagues reported that a loss-offunction mutation in RNF216 leads to defective Arc (activityregulated cytoskeleton-associated protein) ubiquitination, thereby causing cognitive impairment in patients with Gordon Holmes syndrome (13) . Thus, therapeutic approaches to modulate RNF216 as a means of ameliorating TLR8-mediated hyperinflammation in patients with ARDS will have to be carefully considered.
The finding that the presence of miRNAs in plasma from patients with ARDS coincided with the activation of TLR8 signaling and downregulation of the E3 ubiquitin-protein ligase RNF216 in critically ill patients or patients with ARDS (9) could have clinical implications. Reduced expression of RNF216 in these patients could contribute to the prolonged stability of TLR8, thereby aggravating inflammation. However, these in vitro observations need be replicated in an in vivo model of acute lung injury to determine their true clinical relevance. In support of the results of this study, an endogenous ligand (miR-21) was previously found to activate TLR8 to induce neuropathic pain in murine dorsal root ganglion (14) . Although TLR8 has long been considered to be nonfunctional in mice (15) , recent studies have reported it to be functional (14) . Thus, despite the fact that human TLR8 is known to be functional, it is still debatable whether murine TLR8 is functional.
In conclusion, the current article demonstrates that 1) TLR8 is a short-lived protein that is proteasomally degraded via RNF216 after activation by RNA ligands that may control TLR8 levels in human cells to reduce excessive innate immune responses in ARDS, and 2) TLR8 stimulation by circulating RNA may be an important contributor of unwanted innate immunity leading to ARDS. Thus, it is critical to understand the mechanisms that govern the intensity and duration of TLR protein activation in the context of ARDS so that we can design better treatment and prevention methods to mitigate organ damage. n Author disclosures are available with the text of this article at www.atsjournals.org. 
